Abstract: Satoyama is a Japanese term used to describe the traditional rural landscape in Japan. It has changed continuously from overuse to underuse stages under the development of economy and society, which caused the loss of both biodiversity and ecosystem services. In this paper, we summarized the interactions of biodiversity and ecosystem services affected by human management in Satoyama landscape. The results indicate: (1) the concepts of Satoyama forests and Satoyama landscape varied with researchers and their objectives. The most popular one is a mosaic landscape consisting of Satoyama (secondary) forests, rice paddies, grassland, ponds, irrigating systems, and rural settlements; (2) traditional management regimes on Satoyama landscape were the disturbing mechanisms to provide multiple ecosystem services, as well as a series of semi-natural habitats for species; (3) due to significant progress in economy and technology in Japan, the aging problems of farmers, industrialized agriculture, the import of ecosystem services and goods from international markets, and global climate changes eventually caused the simplification of crop plants, the invasion of alien species, the fragmentation of habitats, and the decreasing of ecosystem services; (4) future research should pay more attention to the complex mechanisms of biodiversity crises and ecosystem services at the landscape scale, considering pattern-process relationships.
Introduction
Agriculture is a dominant form of land management in the world. It has long been criticized as the major driving force of biodiversity loss [1] [2] [3] . However, recent research showed that traditional agricultural landscapes can maintain rich biodiversity and provide a bundle of ecosystem services [4] [5] [6] [7] . Generally, the traditional agricultural landscape commonly encompasses the multiple uses of natural, semi-natural, and artificial ecosystems [8] , where crop cultivated plots and adjacent vegetation and habitats are often integrated into a well-managed mosaic-like production landscape [9] . Indigenous farmers tend to maintain biodiversity, not only within a cultivated area, but also in natural ecosystems adjacent to their fields, and thus obtain a significant portion of their subsistence requirements of ecosystem services through gathering, fishing, hunting, and other management in habitats surrounding their agricultural plots [10] [11] [12] .
Nevertheless, the traditional agricultural landscape is rapidly disappearing and facing modern social, political, and economic changes [13] , which have caused the loss of both biodiversity and ecosystem services. Altieri [10] studied three kinds of disappearance of traditional agriculture described the components and their spatial arrangement of the Satoyama landscape, although they vary regionally throughout the country. In summary, the four essential components, including secondary forests, rice paddies, settlements, and water areas, are the main ecosystems of Satoyama landscape. Tokoro [27] 1759 Mountainous landscapes close to rural villages Shidei [28] Early 1960s Mountains near the village Village
Tabata [29] 1997
Satoyama consists of a mosaic of mixed forests, rice paddy, dry rice fields, grasslands, streams, ponds, and reservoirs for irrigation.
Edo era, 1.1-1.5 ha per family Satoyama forests, and 5 ha Satoyama landscape per family Village Fukamachi and Nakashizuka [30] 1998 A place providing public goods such as scenic beauty and recreation, and conserving biodiversity.
Shidei [31] 2000 Agricultural woodland Forest ecosystem Washitani [17] 2001
A traditional rural sustainable ecosystem common in pre-industrialized Japan. A mosaic of land uses, including forests, grasslands, farms, ponds, and creeks
In 1869, Shishizuka-Ooike site, 0.1 ha crop land needs 1 ton of foliage or litter. Paddy fields, crop lands, forests, grasslands, resident areas occupied 30%, 29%, 34%, 3%, and 5% in a 150-ha village, respectively.
Ecosystem lowland village
Fukamachi et al. [26] 2001 Traditional, rural Japanese landscapes 67% of total Japan's area Regional
Takeuchi et al. [19] 2003
The rural landscape composed of Satoyama (forest), farmlands, settlements, and reservoirs 60,000-90,000 KM 2 National
Kobori and Primack [18] 2003
Satoyama refers to a larger landscape, which consists of a cluster of villages, community forests, rice paddy fields, grasslands, wetlands, and the remaining agricultural landscape used to supply the needs of an entire community.
Regional MEGJ [32] 2008a
Satoyama landscape is consist of vegetable fields, rice fields, irrigation ponds, ditches, grassland, woodland, and residential areas distributed in a complex mosaic-like pattern.
Secondary forests as the core of Satochi-Satoyama area accounts for about 20% of the total national land, and about 40% when agricultural lands are included.
National
Morimoto [33] 2010
Satoyama refers to an area between urban areas and primeval nature, consisting of secondary forests, paddies, farmlands, grasslands, and irrigation ponds around settlements. It has been studied in four fields:
(1) Woodland as a backyard; (2) biodiversity hotspot; (3) sustainable natural resource management (systems); and (4) beautiful ancestral homeland.
Includes 800 million ha of secondary forests, 700 million ha of agricultural areas, possess up to 40% of Japan's territory.
Takeuchi [13] 2010
(1) Narrowly defined, Satoyama refers to secondary woodlands and grasslands near human settlements that have traditionally used these lands as coppices and meadows for fuel, fertilizer, and fodder. (2) In the broader sense, Satoyama (landscape) encompasses farm fields, rice paddies, irrigation canals and ponds, and the settlements themselves.

Biodiversity Crisis in Satoyama Landscape
Biodiversity in Japan is originally rich and characterized by relatively high endemism and thus designated as a biodiversity hotspot in 2005 [33] . The number of known species is estimated to be over 90 thousand [30, 32, 34] . However, the same as global trends of biodiversity loss happened in many countries after industrialization, Japan also experienced three obvious biodiversity crises, including overuse, underuse, and alien species invasion, respectively. In total, there are 3155 species threatened with extinction, with nearly 40% of land mammals and vascular plants, 60% of reptiles, and 80% of amphibian species [32] . The second crisis, namely the underuse of the Satoyama landscape, is the effects caused by reduced or discontinued human management on nature. In Japan, rural area possesses 40% of the national land and over 40% of Japanese biodiversity hot spots are located in rural area. Satoyama plays an important role in biodiversity conservation that over half of the species on Japan's Red List live in Satoyama areas [32] . In the traditional Satoyama landscape, secondary forests (fuel wood forests, farm forests, and etc.) and secondary grasslands had been maintained as necessities for economic activities. Such human-made areas had grown a variety of living things specific to each environment. When they have been free from human disturbances, ecosystems have lost their diversity.
grasslands, shifting cultivation land, ploughed and crop fields, rice paddy and terraces, streams, ponds, reservoirs, and also settlement [17, 19, 26, 38] . The diverse habitats resulting from management regimes sustained rich biodiversity with half of threatened species in Japan [39] [40] [41] [42] .
Rice paddy fields in Satoyama landscape provided a unique spatial and temporal habitat mosaic for biodiversity [43] (Figure 1 ). First, traditional rice paddy areas are always composed of rice paddies, ponds, reservoirs, and streams or earth channels for irrigating and drainage [44] , thus forming a complex wetland system and serve as multiple habitats for aquatic organisms. Second, rice paddies themselves have many types of species, such as rice paddies in flat plains, rice terraces in hilly and mountainous areas, wetland-like paddies, which are flooded due to spring water or high groundwater tables, and paddies at fallow stage. Third, each plot of rice paddy is composed of paddy and levee; the paddy is supplied with water from spring to early summer, irrigated intermittently after a short drainage in summer, and drained from autumn to next spring in a well-drained manner. Therefore, the large area of flooded rice fields in the planting period contributed to the high richness and abundance of agricultural wetland species, while in winter served as suitable habitats for some land birds [35, 45] , seed-eaters [46] , and invertebrates for invertebrate-feeders [47, 48] . Fourth, the variation in habitat characteristics created by wet-dry cycle of rice cultivation also allows agricultural bird species to use different types of landscapes between seasons [44] . Figure 1 . Satoyama landscape is composed of grassland, forest, and agro-ecosystems; it has a set of habitats for rich biodiversity and bundles of ecosystem services for human well-being under traditional management.
Considering the succession series of forest husbandry, there are nine periodic habitat series in forest ecosystems (Figure 2 ). First, frequent cutting and thinning of woodlands led to the domination of dwarf pines and coppices, and decreased the occurrence of invasive species and increased forest floor species diversity [49, 50] . Second, collecting fallen leaves for fertilizer as well as the regular cutting of deciduous forests supports many species of spring and summer wildflowers, which can survive only when the foliage is thin, and sunlight is able to reach the forest floor. These species cannot push their way through a deep layer of fallen leaves, or grow in the darkness of evergreen forest, so they are dependent on traditional management practices [18] . Third, Figure 1 . Satoyama landscape is composed of grassland, forest, and agro-ecosystems; it has a set of habitats for rich biodiversity and bundles of ecosystem services for human well-being under traditional management. Considering the succession series of forest husbandry, there are nine periodic habitat series in forest ecosystems (Figure 2 ). First, frequent cutting and thinning of woodlands led to the domination of dwarf pines and coppices, and decreased the occurrence of invasive species and increased forest floor species diversity [49, 50] . Second, collecting fallen leaves for fertilizer as well as the regular cutting of deciduous forests supports many species of spring and summer wildflowers, which can survive only when the foliage is thin, and sunlight is able to reach the forest floor. These species cannot push their way through a deep layer of fallen leaves, or grow in the darkness of evergreen forest, so they are dependent on traditional management practices [18] . Third, harvesting mixed Japanese oak (Quercus serrata) and Japanese chestnut oak (Quercus acutissima) in deciduous broadleaf forests for fuel wood and charcoal prevented their succession into dense laurel forest (potential climax type for western Japan), ensuring greater diversity [18] . In addition, Human intervention of grassland was important for maintaining diversity of herbaceous plant species by preventing invasion of shrubs, lianas, and trees [17] , and their succession into the region's potential climax vegetation [52] . Grasslands that are rich in wildflowers and insect species have been maintained by cutting grass for agricultural fertilizer, thatch for construction, bedding, and hay for domesticated animals [18] . As another semi-natural grassland, open secondary forest floor is a habitat for many grass species created by people's cutting of trees and mowing of the understory layer [52] .
Furthermore, Satoyama landscape has many kinds of edge-related habitats, especially the semi-aquatic wetland for many species, such as ground beetles [53] , giant water bugs, and frogs [25] ( Figure 1 ). Studies have shown that the boundary region between forests and rice fields is a key habitat for plants [54] , insects (such as the Genji firefly) [55, 56] , birds (such as the grey-faced buzzard) [35, 45, 57] , and mammals [58] . Most important of all, the mosaic of landscape components served as habitats easy for species that need multiple habitats [43, 59] .
Traditional Management and Multiple Ecosystem Services
Traditional Satoyama landscape was the homestead of farmers before the 1960s. Farmers maintained it as their life supporting system to get rice, vegetables, timber, firewood, and other ecosystem services through sustainable management [13, 26, 60] . Each element in the Satoyama landscape was used as sources of daily life necessities via planting, ploughing, cutting, coppicing, and so on ( Table 2) . Taking the coppice forests as an example, they were used to provide fuel wood and charcoal by periodic cutting of trees and shrubs and produce edible plants and mushrooms by collecting. To fertilize rice paddies, organic fertilizers, such as forest litters and composts, were gathered from secondary forests, inbatsuchi, and grasslands, thus, to generate the supporting services of nutrient cycling. To irrigate rice paddy, the five types of waters, including permanent and temporary pools, ditches, rice paddies, and marsh [25] , were systematically managed to control floods and generate hydrological regulating services. In addition, the flowering plant species in grasslands, rice paddy levees, as well as rice itself, can be served by bees to support pollination services [61] . The grassland as the habitat of ground beetles also supports regulating services of bio-controlling of pests. In addition, Human intervention of grassland was important for maintaining diversity of herbaceous plant species by preventing invasion of shrubs, lianas, and trees [17] , and their succession into the region's potential climax vegetation [52] . Grasslands that are rich in wildflowers and insect species have been maintained by cutting grass for agricultural fertilizer, thatch for construction, bedding, and hay for domesticated animals [18] . As another semi-natural grassland, open secondary forest floor is a habitat for many grass species created by people's cutting of trees and mowing of the understory layer [52] .
Traditional Satoyama landscape was the homestead of farmers before the 1960s. Farmers maintained it as their life supporting system to get rice, vegetables, timber, firewood, and other ecosystem services through sustainable management [13, 26, 60] . Each element in the Satoyama landscape was used as sources of daily life necessities via planting, ploughing, cutting, coppicing, and so on ( Table 2) . Taking the coppice forests as an example, they were used to provide fuel wood and charcoal by periodic cutting of trees and shrubs and produce edible plants and mushrooms by collecting. To fertilize rice paddies, organic fertilizers, such as forest litters and composts, were gathered from secondary forests, inbatsuchi, and grasslands, thus, to generate the supporting services of nutrient cycling. To irrigate rice paddy, the five types of waters, including permanent and temporary pools, ditches, rice paddies, and marsh [25] , were systematically managed to control floods and generate hydrological regulating services. In addition, the flowering plant species in grasslands, rice paddy levees, as well as rice itself, can be served by bees to support pollination services [61] . The grassland as the habitat of ground beetles also supports regulating services of bio-controlling of pests.
Satoyama landscape also has many kinds of cultural services [23, 62, 63] . It is a beautiful place for seasonal singing of birds, frogs, and insects, as well as clean air and pure water [33] . It is a powerful source of inspiration, imagination, and creativity of the Japanese people who have a feeling of deep emotional attachment to Satoyama [33] . It helped to develop various food cultures unique to each region, with products such as "tsukemono" (traditional Japanese pickles), "miso" (fermented soybean paste), soy sauce, and "sake" (Japanese rice wine). These kinds of food are produced from complicated combinations of micro-organisms and ingredients indigenous to each region, and thus represent unique integrations of nature and culture [64] . Furthermore, isolated trees and hedges are closely linked with cultural features of local daily life in suburban Satoyama landscape [65] . Fuel-wood, charcoal, mushrooms.
Giant bamboo forests
Closer to residential areas and agricultural lands within the middle elevation ranges with less roadway densities.
Intense, careful management for long periods of time.
Edible young shoots, making items of bamboo for daily life and agriculture
Inbatsuchi
Open forestland strips in belts of approximately 10m width, located primarily on the south end of and along the borders of rice fields, in units of relative flatness and within the narrow range of the lower elevations.
Grasses and woody plants were clipped by farmers who own rice fields nearby at the base every year to every 5 years in order to maintain sunlight for the fields, and the chipped ends were used as organic fertilizer The schedules of water management in rice paddies are different in different regions and locations. Rice paddies are supplied with water from spring to early summer, irrigated intermittently after a short drainage in summer, and drained from autumn to next spring in a well-drained manner. On the other hand, in an ill-drained manner, paddies are kept flooded due to spring water or high groundwater tables.
Rice
Water system
Ponds, creeks, paddy fields, reservoirs, channels, and irrigating systems Ponds, creeks, and paddy fields were all designed as natural drainage systems with minimal artificial modification. Paddies, the largest component of the water system, are temporary waters, in which seasonally fixed water management has been maintained for a long time [68] .
Water for rice planting and fish, water plants for green manure
Habitats Loss and Fragmentation in Satoyama Landscape Under Modern Management
Habitats Loss Caused by Changes of Society and Economy
Around the 1960s, Japan has experienced rapid economic growth with the revolutions of fuel, fertilizer, transportation, housing, and agriculture technologies, which in turn caused either the abandonment or intensification of all kinds of traditional land use types [39, 69, 70] . The abandonment of grassland, shifting cultivating land, charcoal forest land, crop land, and rice terraced fields less favoured by farmers, eventually led to the loss of various types of habitats and then threatened many species [17] , including the extinction of many common species in traditional Satoyama landscape, such as herbs [70] , butterflies [71, 72] , dragonflies [73] , Genji-firefly [74, 75] , birds [35, 76] , ground beetles [53] , etc.
Actually, during the two decades from 1960 to 1980, the land used for fuel wood, charcoal forest, thatch field, grassland, and shifting cultivating land in Satoyama woodlands has firstly decreased, and ultimately disappeared due to the widespread use of fossil fuel, electricity, and chemical fertilizer, and the plantation of timber woods (pine, cedar, oak) to produce logs or charcoal. The secondary forests have faced insufficient management, thus causing the loss of habitat and then species.
Cropland in Satoyama landscape also faced significant loss, owing to the aging problems and import of foods from international markets (Figure 3 ). Studies on abandonment of rice paddies and the related impacts on biodiversity show that: (1) Abandoned rice paddy fields leads to vegetation succession affected by soil moisture conditions related to micro-landform, litter accumulation, the growth form of dominant species. and the levee slope vegetation as a seed source [77] . (2) Grey-faced Buzzard-eagle used cultivated paddy fields as hunting grounds more frequently than uncultivated paddy fields [78] and hunted most frequently at sites covered with shorter vegetation [76, 79] . (3) Abandonment of rice cultivation in Satoyama landscape directly reduces edge densities between forests and rice fields [57] but increases forest cover instead. (4) Abandonment of cultivated land also caused the invasion of cultivated (seed) species because ploughing history influences edaphic conditions, in particular causing a thicker soil horizon with a coarser texture, increasing the water-holding capacity and nutrient availability, and so it may determine the success of invading early plants [80] . (5) To restore the typical weed communities in abandoned rice paddy fields, reintroduction of rice culture with tillage, plough, and water management is efficient with a rotation of 2-year cycles [81] . 
Habitat Degradation and Fragmentation Caused by Intensive Management and Consolidation
Beside the abandonment, plantation of commercial timber and transformation to urbanization of partial Satoyama landscape, the reserve was usually changed into industrialized agricultural land. Its' typical feature is high inputs of chemical fertilizers, pesticides, and intensive management to maintain high yield of a single crop-species.
To reduce labour cost and improve soil quality of crop land, many kinds of agricultural infrastructure and strategies had been tried, such as consolidation of ditches and paddy levees, banks of lakes, ponds, and river, and construction of drainage and irrigating systems, as well as field paths (Figure 4) . In 2009, the consolidated rice paddy possessed 64% of the total 25,100 km 2 area. Many dry lands are also intensified or significantly modified from traditional land use types to industrialized
ones. These consolidating infrastructure resulted in the degradation and fragmentation of multiple habitats in rice paddy fields and dry land regions. Therefore, it became another serious threat for species in Satoyama landscape. Table 3 summarized the effects on biodiversity of modern intensive management and consolidation in agriculture. 
Intensive Management and Consolidation Effects on Biodiversity
Consolidation of paddy fields
(1) Great egret, little egret, and cattle egret observed were small and no differences in using old-and new-style paddy fields. Nevertheless, intermediate egret, which was listed as a "rare" species in the Red Data Book of Japan, showed a periodic preference for old-style paddies, namely, from the beginning of May to late May and from July to August, the old-style paddies are preferred, but from late May to end of June, there is no difference [82] . (2) More crayfish, loach, and frogs (three species combined) were found in old-style areas, but no significant differences were recorded for tadpoles [82] . (3) Both R. porosa and R. japonica favour old-style areas, while most tadpoles in new-style paddy fields were H. japonica because of their climbing ability to cross new ditches [82, 83] .
Consolidation of ditches
(1) The numbers of frogs, tadpoles, and fish (other than loach) were all significantly greater in old-style ditches [82] . (2) The modification of irrigation ditches made it difficult for firefly larvae to find ditch walls that are suitable for spawning landing in the water [75] , as well as for underground burrowing [74] . For example, in Ichikai Town, Japan, the number of firefly adults was decreased dramatically from 2006 to 2007 at the station where bank protection works were carried out along a valley at 2005 [59] .
Consolidation and abandonment of paddy levees
The species richness and species components of traditional ''soil'', ''abandoned',' and ''stone'' levees were more diverse than the ''concrete'' and ''consolidated'' ones. The ''Soil'' type levees contained various woody plant species and included more diverse and indigenous plant species than ''abandoned'' type levees. While the ''consolidated'' levees contained more introduced species and less plant biodiversity [84] .
Construction of artificial shore and bank protection of lakes, ponds, and river
(1) A well-preserved eco-tone along the shoreline of the pond due to hydrological gradient is most responsible for the richness of hydrophyte species [85] . Such kinds of eco-tone include gradual shifts from submerged zones to floating-leaved zones, and then to emergent plants zones. Construction of artificial shore protection of lakes and ponds caused the loss Table 3 . Impacts of intensive management and consolidation on biodiversity in Satoyama landscape.
Intensive Management and Consolidation Effects on Biodiversity
Consolidation of ditches
Consolidation and abandonment of paddy levees
The species richness and species components of traditional "soil", "abandoned',' and "stone" levees were more diverse than the "concrete" and "consolidated" ones. The "Soil" type levees contained various woody plant species and included more diverse and indigenous plant species than "abandoned" type levees. While the "consolidated" levees contained more introduced species and less plant biodiversity [84] .
(1) A well-preserved eco-tone along the shoreline of the pond due to hydrological gradient is most responsible for the richness of hydrophyte species [85] . Such kinds of eco-tone include gradual shifts from submerged zones to floating-leaved zones, and then to emergent plants zones. Construction of artificial shore protection of lakes and ponds caused the loss of such eco-tone and contributed to the fact that one third of hydrophyte species in Japan were threatened [17] . (2) Increased river management for flood control is one of the habitat loss issues of Fujibakama (Eupatorium fortunei), a symbol of the beauty of nature and the objects of intense poetic sentiments from ancient times among "Seven Autumn Wildflowers" beloved by the Japanese [18] .
Integrated impacts of intensive agricultural management on multi-habitat organisms
(1) A combination of forests for adults and various lentic and lotic habitats for larvae, e.g., the pond, with rich eco-tone vegetation, creeks, and paddy fields, constitutes a high-quality habitat for a variety of dragonfly species. Therefore, environmental degradation of these habitats is the major threat to dragonflies [17, 73] . (2) Amphibians also need the exquisite combination of forests with diverse wet habitats [17] . To sum up, the consolidation of all kinds of "boundary" or narrow "corridor-like" components in Satoyama landscape did impact the species dependent on these marginal habitats. The evidence reviewed by Amano [35] (2009) from the earlier studies on effects of agricultural intensification on farmland bird species has shown the potential mechanism of population decline caused by the consolidation of ditch and drainage systems ( Figure 5 ).
sentiments from ancient times among "Seven Autumn Wildflowers" beloved by the Japanese [18] .
Integrated impacts of intensive agricultural management on multi-habitat organisms (1) A combination of forests for adults and various lentic and lotic habitats for larvae, e.g., the pond, with rich eco-tone vegetation, creeks, and paddy fields, constitutes a high-quality habitat for a variety of dragonfly species. Therefore, environmental degradation of these habitats is the major threat to dragonflies [17, 73] . (2) Amphibians also need the exquisite combination of forests with diverse wet habitats [17] .
To sum up, the consolidation of all kinds of "boundary" or narrow "corridor-like" components in Satoyama landscape did impact the species dependent on these marginal habitats. The evidence reviewed by Amano [35] (2009) from the earlier studies on effects of agricultural intensification on farmland bird species has shown the potential mechanism of population decline caused by the consolidation of ditch and drainage systems ( Figure 5 ). 
Discussion
Indicating and interpreting loss of biodiversity is problematic because neither the processes involved nor the evaluation of impacts on environmental values are well understood [14] . However, attempts to reveal it has long been conceived as an international scientific front. Although the state of biodiversity formed by vast and diverse interconnection and character is not well understood, and fundamental knowledge for assessment and countermeasures based on scientific recognition is lacking in Japan [32] , the extensive studies reviewed above already revealed a lot of evidence on the potential interactions between biodiversity loss and ecosystem services in Satoyama landscape.
Interactions Between Biodiversity Loss and Ecosystem Services in Satoyama Landscape
Studies described above suggest that industrialisation, urbanization, and globalization, as well as innovation of agricultural technology [19, 26, 33, 86, 87] , have dramatically changed the traditional harmonious human-nature relationship [13] into a complicated status of partial upgrading, but overall degradation, of habitats in Japan. As a traditional rural landscape, Satoyama landscape used 
Discussion
Interactions Between Biodiversity Loss and Ecosystem Services in Satoyama Landscape
Studies described above suggest that industrialisation, urbanization, and globalization, as well as innovation of agricultural technology [19, 26, 33, 86, 87] , have dramatically changed the traditional harmonious human-nature relationship [13] into a complicated status of partial upgrading, but overall degradation, of habitats in Japan. As a traditional rural landscape, Satoyama landscape used to be the life-supporting backyard of woodland, the beautiful homeland of ancestors, and the hotspot of ecosystem services and biodiversity [33] . It has also changed continuously with the development of economy and society, from the slow sustainable use period to the rapid overuse and underuse periods.
First of all, during the early 19th century (the late Edo and early Meiji eras), the whole society was entirely dependent on bio-resources and resulted in the overuse of Satoyama landscape, which caused serious soil erosion [88] and the decline of some species [89] . That was the first biodiversity crisis brought about by human activities and development [32] . Following the beginning of modern industrialization since the 1960s, the significant progress in economy and technology resulted in the development of industry that caused the immigration of younger generations from rural to urban areas in Japan. The aging problems of farmers in according with the higher purchasing power of citizens objectively increased the prices of ecosystem services and goods in the national market. The import of ecosystem services and goods in the international market caused the abandonment of Satoyama landscape (the second biodiversity crisis), and then led to the decreasing of ecosystem services as well as habitat loss for species. Wide use of fossil fuels and chemical fertilizers, and consolidation of agricultural facilities in industrialized agriculture can provide more food for humans, but they caused the fragmentation of habitats and the simplification of crop plants, as well as the decrease of other ecosystem services. Furthermore, global climate changes and degradation of Satoyama landscape led to the invasion of alien species (the third crisis). Eventually, the loss and fragmentation of habitats caused the biodiversity crises in Satoyama landscape of Japan (Figure 6 ).
Interactions among Biodiversity Loss, Ecosystem Services and Goods, and Human Well-Being in Rice Production
Compared to the habitat loss caused by abandonment of forests and grassland, the habitat loss and fragmentation in rice paddy fields and dry land are more serious, because the former can be easily recovered by re-utilization with traditional management. However, the latter completely modified the surface and underground water and nutrient flows by the construction of consolidated infrastructures that reduced the eco-hydrological connectivity and water regulating services. The dis-connectivity of water and nutrients flows within Satoyama landscape resulted in drier and poorer soils, which then caused the decrease of plants depending on more soil moisture and nutrients, and at last reduced biodiversity (Figure 7 ). Why did people or agricultural technological departments consolidate the farmland infrastructure but neglect the impacts of biodiversity? Taking the consolidation of rice paddy fields and rice production as an example, according to [90] , the abandoned rice paddy was increased while the total planting area, the production, and consumption were all decreased continuously, but the rice yield is rising because of the consolidation of agricultural infrastructure. Indeed, 61.3% of rice paddy fields have been consolidated till 2007, which saved the working time for rice cultivation from 1463 hr/ ha in 1963 to 285 hr/ ha in 2007. This means that the consolidation of rice paddy fields can increase rice yield and reduce labor for rice cultivation simultaneously; namely, it can increase the provisioning services of rice products as well as human well-being. There is no doubt that pursuing higher human well-being is one of the ultimate aims of economic development, but biodiversity loss will ultimately hurt human well-being in the future. Therefore, the trade-off between human well-being and biodiversity conservation in Satoyama landscape still needs further study via interdisciplinary approaches. Interactions among biodiversity loss, ecosystem services and goods, and human well-being in rice production.
Current Strategies and Perspective of Management in Satoyama Landscape
Nowadays, following the emergence of biodiversity loss, global climate change, and other environmental problems, the negative impacts of Satoyama issues captured a lot of concern from the scientific community, government, and society in Japan, thus eventually inducing the resurgence of interest in pre-industrial traditional Satoyama landscape [20] . Therefore, recently numerous assessment reports, strategies, and actions were formulated by researchers, policy-makers, and government departments [91] [92] [93] , such as the "Satoyama Initiative", the Interactions among biodiversity loss, ecosystem services and goods, and human well-being in rice production.
Nowadays, following the emergence of biodiversity loss, global climate change, and other environmental problems, the negative impacts of Satoyama issues captured a lot of concern from the scientific community, government, and society in Japan, thus eventually inducing the resurgence of interest in pre-industrial traditional Satoyama landscape [20] . Therefore, recently numerous assessment reports, strategies, and actions were formulated by researchers, policy-makers, and government departments [91] [92] [93] , such as the "Satoyama Initiative", the "Sub-global assessment of Satoyama and Satoumi in Japan", "The 10th Conference of the Parties (COP 10) to the Convention on Biological Diversity (CBD)" and the following related reports: "Satoyama: the Japanese countryside landscape" [94] ; "The Third National Biodiversity Strategy of Japan" [32] ; "Satoyama-Satoumi Ecosystems and Human Well-being: Socio-ecological Production Landscapes of Japan" [95] ; "Biodiversity is Life, Biodiversity is our Life: The National Biodiversity Strategy of Japan 2010" [64] ; and "Sustainable use of biological diversity in socio-ecological production landscapes. Background to the Satoyama Initiative for the benefit of biodiversity and human well-being" [96] . It should be noted that the most essential perspective of these reports and policies are to find the dynamically balanced interactions between human and nature in the long term, and to rebuild a sustainable low-carbon, resource-circulating, and nature-harmonious society with an eye on resilience enhancement and optimization of biodiversity conservation [13] . To address it, structuring of a more effective management system must be promoted according to the natural and social characteristics under the current socioeconomic conditions. At present, there is a real valuable action of environment-friendly farming, carried out in Sado island of Niigata Prefecture from 2004. Through winter-flooding of rice paddy fields, together with organic farming and fish ladders, it provided a suitable habitat for many aquatic species, such as crested ibises, loaches, and fishes. The rice growing there is given the certification of "Creating villages coexisting with crested ibises" and then is traded at higher prices than ordinary ones. In this system, biodiversity, ecosystem services, and human well-being are all integrated into a multifunctional landscape, which can be used as a revitalizing model in rural development of Japan.
Conclusion and Future Challenges
Although the concept of Satoyama landscape varies with researchers, it is usually defined as the traditional rural area of Japan that is a mosaic formed by multiple components, including secondary forests, rice paddies, settlements, water areas, and so on. The second biodiversity crisis in Japan has happened in Satoyama landscape and resulted in the loss of biodiversity and the decrease of ecosystem services. The primary reason is the abandonment and industrialization of secondary forests, rice paddy fields, and dry land via abandonment of traditional management that is the maintaining mechanism of rich biodiversity and ecosystem service provision. Both transition of traditional arable farming in favour of more intensive methods, and land abandonment, have resulted in biodiversity loss due to disappearance and fragmentation of habitats. The interactions among biodiversity loss, ecosystem services, and human well-being under the current social-economic situations showed that: (1) The social-economic change, such as aging problems and import of ecosystem services and goods from international markets, resulted in the abandonment of Satoyama landscape. (2) To get more provisioning ecosystem services from farmland but decrease the labour cost of crop cultivation, consolidation of rice paddy levees, irrigating and drainage systems, rivers, and pond banks caused the dis-connectivity of water and nutrient flows within Satoyama landscape, thus leaded to the fragmentation and loss of habitats for many aquatic species. Although many strategies and policies had been conducted to counter the Satoyama issues since the 1990s by Japanese government and NGOs, more things should be done to revitalize the Satoyama landscape.
First, to deal with the local biodiversity crisis resulted from national and international ecosystem service markets, further studies must be done on the mechanisms of balancing local and international markets for the demand and supply of ecosystem services. In fact, from the trade-off view of ecosystem services, excessive dependence on the external input of ecosystem services will result in lose-lose effects on both the input and output countries, because the input country will lose ecosystem services by underuse and the output country will lose by overuse. This international trade-off of ecosystem services is common between developed and developing countries, with the former suffering from underuse and the latter from overuse. Under this background, addressing the Satoyama issues can benefit human wellbeing in the world because ecosystem services are the basis of human wellbeing [6] . In addition, there is an urgent need for better and more integrated global-and regional-scale scientific research on biodiversity, ecosystem services, and human wellbeing [6, 97] .
Second, Satoyama landscape faces the intensive use of fertile area via consolidation of rice paddy levees, river banks, ditch banks, and pond and lake banks, as well as higher input of chemical fertilizers and pesticides. Intensified mono-agriculture leaded to the habitat fragmentation of species by cutting off the connectivity of water and nutrient flows among neighbouring patches. Research on the mechanisms of environmental flows and habitat fragmentation will play an important role in solving loss of biodiversity and ecosystem services in Satoyama landscapes. At the same time, reuse of Satoyama landscape with silvicultural practices should be limited to a specific extent for significant and specific conservation purposes, because it can decrease plant species diversity remarkably [98] .
Third, since every culture is rooted in the utilizing system of materials and resources in the surrounding environment, the revitalization and reutilization of Satoyama landscape by traditional management strategies can serve as a way to preserve the essence of Japanese culture for future generations [13, 99] . Therefore, retrieval of traditional knowledge on subsistence agriculture and ecosystem management is a forefront challenge that must be faced [92] , especially the social norms for irrigating (ground) water management [100] . Actually, it is a common view worldwide that reintegration of traditional agricultural knowledge and new ecological knowledge into more ecologically designed agricultural systems can benefit biodiversity and ecosystem services simultaneously [11] . However, due to traditional management of ecosystems being labour-intensive works which are hard for farmers, while industrialized mono-agriculture is highly dependent on machines and pesticides, which are bad for ecosystems and biodiversity [12] , how to balance the farmer's wellbeing and biodiversity is another challenge that must be solved in the future to slow down global changes.
Fourth, future research should pay more attention to the studies at the landscape scale considering pattern-process relationships, apart from current studies at species and ecosystem levels. Moreover, future international comparison of similar cultural landscapes should concern broader aspects of productive practices than only agro-forestry [101] . Finding the sustainable mechanism of these landscapes eventually can benefit the conservation of bio-cultural diversities and help to face Satoyama issues. Certainly, well-developed systematic laws and policies are the legal guarantee for coping with Satoyama issues [92] .
At last, studies showed that habitat heterogeneity affects the level of biodiversity in agricultural landscapes [1, 7, 102, 103] . Both abandonment and intensification of Satoyama elements cause biodiversity loss. Therefore, how to make an intermediate disturbance to reach the highest amount of biodiversity is a key scientific question in the conservation of Satoyama landscape. Some detailed mechanisms in maintaining biodiversity may help in dealing with it. For instance, forest cover has positive effects on the richness and abundance of edge and woodland bird species. Future research needs to quantify the responses of multiple species to changes in edge density and forest cover, in order to develop "appropriate" conservation strategies [44] to meet the trade-offs between conservation of different taxonomic groups in Satoyama landscapes.
Beside the above Satoyama research, more and more studies worldwide have revealed that the multiple interacting mechanisms among natural, semi-natural, and agricultural ecosystems have eventually contributed to biodiversity and ecosystem services at the complex landscape scale [9, 15, 16] , and new methods to quantify or measure these interactions and their effects in specific landscapes will be a scientific hotspot. Perhaps the newly reused principles and methods of landscape entropy can help to quantify the managing mechanism of heterogeneity, pattern, and process dynamics in complex landscapes such as Satoyama [104] [105] [106] [107] . 
